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tities of PR 1 mRNAs in uninfected leaves as compared to infected leaves (Figs. 1B and 2C) . No PR1 gene expression or salicylic acid increase was seen in uninfected leaves of TMV-inoculated Xanthi (nn) plants or in mock-inoculated plants of either genotype ( Fig. 2A) .
In 1983 Van Loon (15) postulated that salicylic acid acts by mimicking an endogenotts phenolic signal that triggers PR gene expression and disease resistance. Our results suggest that the signal is salicylic acid itself. Susceptible Xanthi (nn) plants carry the PR genes, and these genes can be activated by treatment with exogenous salicylic acid (Fig. 1C) but not with TMV. Therefore, it is likely that infection of susceptible plants fails to trigger the signal transduction pathway that leads to salicylic acid production, resistance, and PR gene expression.
M&rattx et al. (16) present independent evidence suggesting that salicylic acid plays a role in the induction of SAR in cucumber after pathogen attack. In addition, Raskin and co-workers recently demonstrated that salicylic acid is an endogenous regulator of heat and odor production in the inflorescences of some thermogenic lilies (17) (18) (19) . These three studies suggest that salicylic acid plays a broad and important role in signal transduction in plants. 21 . Salicylic acid was extracted from 1 g, fresh weight, of leaf tissue and analyzed by high-performance liquid chromatography and spectrofluorescenee as described previously (18) . The presence of salicylic acid was confirmed by gas chromatography-mass spectroscopy. Salicylic acid recovery was 55%. The data shown were not corrected for this factor. In an effort to identify the signal compound that mediates systemic acquired resistance (SAR), changes in the content of phloem sap were monitored in cucumber plants inoculated with either tobacco necrosis virus or the fungal pathogen Colletotrichum lagenarium. The concentration of a fluorescent metabolite was observed to increase transiently after inoculation, with a" peak reached before SAR was detected. The compound was purified and identified by gas chromatography-mass spectrometry as salicylic acid, a known exogenous inducer of resistance. The data suggest that salicylic acid could function as the endogenous signal in the transmission of SAR in cucumber.
p LANTS INOCULATED WITH NECRO-
trophic pathogens such as fungi, bacteria, or viruses react by inducing a transient resistance against subsequent fungal, bacterial, or viral infections (1) (2) (3) (4) . This induced resistance can be restricted to areas of the first inoculation (3) but may spread to other parts of the plant to establish SAR (1). It has been proposed that SAR is mediated by an endogenous signal that is produced in the infected leaf and translocated in the phloem to other p!ant parts where it activates resistance mechanisms (1, 2, 5) .
Cucurbitaceae have the unique property of releasing phloem sap from cut stem or petiole surfaces (6) . We used a high-performance liquid chromatograph (HPLC) system, originally devised for the detection of hydroxylated polyamines (7) , to analyze phloem sap after inoculation of cucumber leaves (Cucumis sativus L. cv. Marketer SMR 580) with either tobacco necrosis virus (TNV) or the fungal pathogen Colletotrichum lagenarium. A distinct increase of a fluorescing metabolite was detected in the phloem after inoculation (Fig. 1, A and B ). This increase appeared before necrotization had taken place on the infected leaf and preceded the induction of resistance observed in the upper uninfected leaves, independent of the pathogen used to induce resistance ( Fig. 1 , C and D).
The timing of the increase was different depending on the pathogen used for the primary infection. Both resistance and the fluorescing peak appeared sooner after infection when TNV was used as an inducer. TNV produces necrosis 3 to 4 days after inoculation, whereas C. lagenarium produces necrosis 5 to 6 days after inoculation. The appearance of the fluorescent peak is therefore likely to be dependent on the timing of disease development inherent in the nature of the inoculated pathogen. The metabolite was also observed to increase when both necrosis on the first leaves and SAR were well established (7 to 9 days after inoculation).
Further analysis of the metabolite indicated that it consisted of several ultravioletabsorbing components (Fig. 2) . Only one of these was fluorescent and separated at the position of the initial metabolite. A preparation of this fluorescent fraction was defivatized to convert the polar compounds to their volatile trimethyisilyl derivatives (8) , and this was used for analysis by capillary gas chromatography-mass spectrometry (GC-MS). The chemical ionization mass spectra and chromatographic retention data !~d' ĩi P~ gram offresh weighL as indicated in the text. ~To whom correspondence should be addressed, showed that the trimethylsilyl ester of ~i* ~ 2-hydroxybenzoic acid (salicylic acid) was the primaD, compound and that the trimethylsilyl ester of 4-hydroxybenzoic acid was present at a trace level (less than 1%). Both the HPLC and the GC-MS results were corroborated by coinjection of the respective reference compounds. Thus, sali~,lic acid is an endogenous phloem-located metabolite whose concentration increases after infection of a leaf with necrotizing pathogens. The concentration of salicylic acid in the phloem sap before resistance occurs ranged typically between 0.2 and 7 ~tM in infected plants, depending on the pathogen, com- pared to between 0 and 0.7 ~M in mockinfected plants (Fig. 1, A and B) . Salicylic acid has been reported to induce resistance against C. lagenarium when exogenously applied to cucumber cotyledons at a concentration of 14.5 mM (9, 10). Furthermore, it has no direct antifungal activity against C.
lagenarium, and no fimgitoxic metabolites were detected in salicylate-treated cucumber tissue (9) . However, the concentration range needed to elicit resistance from exogenous application is substantially higher than the concentration measured in the phloem. To address this disparity, we followed the fate of 14C-labeled salicylic acid infiltrated into a lower leaf and observed that 1.3% of the initial salicylic acid could be found in the treated leaf 1 day after application, whereas in the upper leaf 0.4% was recovered (11) . Thus, salicylic acid, like other organic acids, was translocated rapidly to the upper leaf (12) , but a large portion of the applied material was either distributed and sequestered or metabolized. This rapid turnover of the compound may explain why high concentrations of salicylate are needed to induce resistance in infiltration experiments.
Among the resistance mechanisms that are correlated with the establishment of SAR is the induction of pathogenesisrelated (PR) proteins. In cucumber, the major PR protein is an extraccllular endochitinase (13) , which may be involved in protection against fimgal attack. This protein and its m R N A accumulate in leaves treated with either pathogens or salicylic acid (14) . The induction of the chitinase gene by salicylic acid is, therefore, consistent with the proposed role of salicylate as a signal compound that activates SAR mechanisms. In tobacco, exogenously applied salicylic acid also induces PR proteins and resistance in the treated and occasionally in the untreated leaves (151. Moreover, Malamy et al. (166) demonstrate that endogenous levels of salicylic acid, as well as expression of certain PR protein genes, increase in both infected and uninfected upper leaves of tobacco after inoculation with tobacco mosaic virus, which supports our observations in cucumber. 
